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Introducing the Patterson Cylindrical Projection
P R A C T I C A L C A R T O G R A P H E R ' S C O R N E R
D E S I G N O F T H E PAT T E R S O N C Y L I N D R I C A L P R O J E C T I O N
Cylindrical map projections depict the nearly spherical Earth as a rectangle, showing meridians and parallels as straight lines. The North and South Poles, actually points on the Earth, appear as lines across the top and bottom of the map. Designing a cylindrical projection therefore requires finding, for higher latitude areas, a compromise between two extremes: maintaining the general shape of map features and exaggerating their relative area, or vertically compressing map features and maintaining their area. One extreme is the conformal Mercator projection, developed for navigation during the age of sail, which grossly exaggerates high-latitude areas; the other extreme is the family of equal area cylindrical projections, such as the Gall-Peters, Craster, or Lambert cylindrical, which come at the expense of vertically compressed and deformed shapes ( Figure 1 ). The Patterson projection is an addition to a variety of existing compromise cylindrical projections (Jenny et al. 2015) , but has its own unique traits. The Patterson packages the world in a relatively compact rectangle with a height-to-width aspect ratio of about 0.57. The exaggeration of high-latitude areas is considerably lessened compared to the Miller 1 and other similar projections.
The Patterson projection derives from the Miller 1 projection, modified graphically using Flex Projector software (Jenny et al. 2008; 2010) Developing the Patterson cylindrical projection involved three steps. In the first step, we modified the Miller 1 projection, which resulted in the Compact Miller projection. In the second step, we compressed higher latitudes, which resulted in a graphical template for the Patterson projection. In the third step, we developed the projection equations. (Figure 4 ).
S T E P 1: D E S I G N I N G T H E C O M PA C T M I L L E R P R O J E C T I O N

S T E P 2 : D E S I G N I N G T H E PAT T E R S O N P R O J E C T I O N
One concern when applying polar compression was to maintain the distinctive shape of Alaska and other landmasses at high latitudes. Figure 5 shows the relative distance between lines of latitude for the Patterson projection, which steadily increase in length moving from the equator to 55 degrees, level off around 60 degrees, and then decrease toward the poles. This pattern is a distinguishing trait of the Patterson projection, as all other commonly used cylindrical projections do not vary latitudinal distances in this manner. On the Patterson projection, the polar compression is only obvious when a graticule with latitude increments of 15 degrees or less is used. 
S T E P 3 : F I N D I N G E Q U AT I O N S F O R T H E PAT T E R S O N P R O J E C T I O N
The last step involved developing polynomial equations approximating the Flex Projector template for the Patterson projection. The process was similar to that used for the Natural Earth projection (Šavrič et al. 2011) . Between 55 degrees north and south latitude, the polynomial equation does not exactly match the Miller 1, but the differences are only noticeable at high magnification near 15 degrees latitude. Equation 1 transforms spherical longitude and latitude coordinates to projected coordinates.
In Equation 1, x and y are the projected coordinates, ϕ and l are the latitude and longitude, and the polynomial coefficients are c 1 = 1.0148, c 2 = 0.23185, c 3 = -0.14499, and c 4 = 0.02406. The computational cost per point consists of six multiplications and three additions when the polynomial in Equation 1 is factorized as in Equation 2:
To convert projected coordinates to spherical coordinates, the Newton-Raphson method is used to find the latitude ϕ from the y equation; longitude l is computed by inverting the x equation.
AVA I L A B I L I T Y
The Patterson cylindrical projection is currently available in the latest version of Flex Projector (available for free at flexprojector.com). With Flex Projector, you can make maps from vector and raster geospatial data ( Figure 6 ). If the Patterson projection is not yet offered in your favorite cartographic or GIS software, please direct the developer to the Java Map Projection Library (github. com/OSUCartography/JMapProjLib) to obtain the reference source code. 
